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Abstract
Prior to timber harvesting, forest floor mass and nutrient concentrations in forest floor and mineral soil were determined
in 24 mature, shortleaf pine (Pinus echinata Mill.)-hardwood stands occurring within the northern, eastern, southern and western sub-ecoregions of the Ouachita Mountains. The forest floor samples were collected at each of three locations representing
the lower, mid, and upper slope positions within each stand. Samples of the L-(litter) and F-layers (fermentation) were collected separately. Materials from the L-layer were differentiated into hardwood foliage, pine foliage, and woody/reproductive components. Mass and nutrient concentrations of the various forest floor components were compared among slope positions and
among sub-ecoregions to evaluate the influence of these factors on forest floor pools. Forest floor mass and nutrient concentrations generally did not differ among slope positions. Although mass did not differ among sub-ecoregions, forest floor concentrations of Ca, Mg, and Mn were significantly higher in the northern than the eastern or southern portion of the Ouachita
Mountains.

Introduction
The forest floor consists of organic matter on mineral
soil surface which accumulates from forest aboveground
biomass This organic material is an important source of
mineralizable nutrients/carbon and is an essential component of forest ecosystem energy /nutrient cycles. Spatial variation of forest floor characteristics within forest stands or
among stands across the landscape can generally be related
to the variation in abiotic or biotic factors. Soil parent material and climate are two abiotic factors which have been
found to affect forest floor characteristics and are known to
vary among slope positions and sub-ecoregions in the
Ouachita Mountains (Graney, 1992; Baker, 1994). As part of
a project addressing the effects of diversified harvesting and
silvicultural treatments on various commodity and noncommodity resources in shortleaf pine {Pinus enchinata Mill.)
hardwood stands, we quantified the amount and chemistry
of forest floor within 24 shortleaf pine-hardwood stands
prior to harvesting in the Ouachita/Ozark National Forests.
This information was used to determine if these forest floor
characteristics differed among slope positions and subecoregions in the Ouachita Mountains.
Materials and Methods
Study Area and Sampling Design.--Twenty four relativeundisturbed,
mature, shortleaf pine hardwood stands
ly
occurring in the Ouachita Mountains of Arkansas and

Oklahoma were included in this study. Only stands with the
following attributes were considered for inclusion in the
study: 1) average tree age >70 years, 2) stand area >14 ha,
3) stands on southern facing slopes, 4) pine basal area
between 13.8 and 25.2 m2 ha" 1,and 5) hardwood basal area
between 4.6 and 11.5 m2 ha 1 From this general population
of stands, six were randomly selected from within each of
four sub-ecoregions representing the northern, western,
eastern and southern portions of the Ouachita Mountains.
These sub-ecoregions represent the general variation in land
forms, soil, geology, and climate within this area
(Clingenpeel and Cochran, 1992; Baker, 1994).
Each stand was subdivided into quarters to facilitate
establishing 12 randomly located, permanent subplots that
were used for sampling vegetation by other project components. These quarters were oriented perpendicular to the
dominant slope within the stand. From a randomly chosen
quarter within each stand the subplot representing the
lower, middle, or upper portion of the slope was chosen for
forest floor sampling (Shelton and Lawson 1994). In total, 72
subplots were sampled in the 24 stands.
Field Samplings-Sampling was conducted during
February and March of 1993. Five sampling locations were
systematically located 11.4 m from each subplot center.
Sampling locations were relocated ifabnormal conditions
such as large surface rocks, woody debris more than 7.5 cm
in diameter, or previous manmade disturbance (e.g., old
roads, etc.) occurred at the sampling location. Thus samples
and results reflect potential optimal forest floor conditions
from undisturbed areas which are not dominated by rocks

.
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r woody materials rather than an average surface condions in the stands as a whole. Approximately less than 5%
f the sample locations had to be relocated due to these crieria. The forest floor was collected from within a 0.1 -m^

quare frame at each sampling location. Two forest floor layrs representing two stages of decomposition were collected,
he first was a litter (L) layer, which included the uppermost, current year undecomposed plant material and the
ther a fermentation (F) layer consisting of partially decom)osed/fragmented older material located above the mineral
soil surface and below the L layer. The L and F layers are
also commonly referred to as Oi and Oe horizons, respectively (Pritchett 1987). The humus layer, a thin layer of
amorphous organic matter (Oa horizon) lying on top of the
mineral soil, was not collected nor included with the Flayer.
Laboratory Procedures.-Forest floor samples were dried
75° C until a constant moisture content was obtained and
len mass determined. Each L-layer sample was separated
to woody and foliar components. The woody component
eluded branches, bark, small stems, and reproductive
aterial (e.g., pine cones). The foliar component of the sames for each subplot was separated into pine and hardwood
oliage and weighed. Thus, the L-layer was represented by
)ine foliage, hardwood foliage, and woody components. All
ass were expressed as totals and not corrected for loss on
mition as reported by Shelton and Lawson (1994).
Forest floor components were composited for a subplot
d mass was determined. Then samples were ground to
ss a 20-mesh sieve. Concentrations of P, K, Ca, Mg, Mn,
i, Cu, Fe, and Zn were determined by inductance coupled
isma (ICP) analysis after nitric/perchloric digestion
niversity of Arkansas, Soil Test Laboratory, 1990a). Total
concentrations were also determined using a Tecator
eltec Model 1030 Auto Analyzer after sulfuric acid/hydron peroxide digestion (University of Arkansas, Soil Test
boratory, 1990b).
Data Analysis.-Forest floor data were analyzed using
alysis of variance for a two factorial design. Sub-ecoregion
d topographic position were the two factors. Mean sepaion was accomplished using Tukey's Honestly Significant
fference multiple-range test (Steel and Torrie 1980) at the
=0.05 after analysis of variance tests indicated differences
a factor were significant.

I

I
I

Results And Discussion

Slope. —Comparison of forest floor nutrient concentrans and mass showed generally no significant or consistent

ferences among slope positions. Total L-layer (Table 1)

icronutrient concentrations were very similar among the
ver, mid, and upper positions. Concentrations for some
cronutrients were higher in the lower slopes while conltrations of others such as Cu or Zn were higher in the

upper slopes. Regardless of the nutrient considered, differences among slope positions for any component in the Llayer were not significant.

Table 1. Forest floor total L-layer nutrient concentrations
and mass by slope position.
Lower

Upper

Mid

— o/o —
N
P
K

Ca
Mg

0.69
0.05
0.07
1.09
0.12

0.69
0.05
0.07
1.02
0.11

0.67
0.05
0.07
0.96
0.11

- — mg kg
Cu
Fe

Mn
Na
Zn

10
326
1156
225
100

10' kg ha
Mass

5.6

15
227
968
236
133

12
229
1056
238
129

5.1

1

—
5.5

Nutrient concentration and mass of the F-layer were
also similar among slope positions. Only Zn had significantly different concentrations among the slope positions. Mean
concentrations of Zn in the mid-slope position was (89 mg
kg1) and was significantly greater than concentrations in the
upper slope position (89 mg kg 1). The general lack of differences in forest floor chemistry and mass among slope positions can be attributed to the high variation in slopes among
stands and the methodology used to delineate slope position
within a stand. Average slopes for the subplots ranged from
2 to 44% in the stands. Differences in forest floor concentrations or mass would likely be greater within stands which
had greater slopes than stands with less slope. A number of
stands occurred on landforms with minimal slopes and thus
differences in forest floor among slope positions were minor
as well.
Slope position of a subplot was delineated relative to the
position of the subplot in the stand rather than its position
along a landform. Designation of a subplot's slope position
using the general landform rather than its location within
the stand indicated that entire stands could occupy only one
slope position. Given this lack of difference among slope
positions, it was not surprising that differences in forest floor
among subplots were inconsequential.
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Sub-Ecoregion. --Variability in nutrient concentrations
among sub-ecoregions was greater than the variability
among slope positions. Concentrations of Ca and Mgin the
L-layer and Ca in the F-layer were consistently lower in the
east region than in the north (Table 2) while Mn concentrations for all forest floor components were significantly lower
in the southern region than the north (Table 3).
Concentrations of Ca and Mg were 18-42% higher in the
northern compared to eastern sub-ecoregion while concentrations of Mn was 30-33% higher in the northern compared
to southern sub-ecoregion. Allother nutrients, except Cu in
the Flayer, did not significantly differ among sub-ecore-

Table 3. Macronutrient concentrations in pine and hard
wood (Hwd) foliage in the L-layer and in the F-layer (F).
North

—
Cu
Fe

gions.

Table 2. Macronutrient concentrations and mass of pine and
hardwood (Hwd) foliage in the L-layer and in the F-layer (F)
by sub-ecoregions.

Mn
Na

North

East

South

West
Zn

%

Pine
Hwd
F
Pine
Hwd
V

P
K
Ca
Mg

Pine
Hwd
F
Pine
Hwd

0.64a
0.91a
0.94a
0.05a
0.06a

0.68a
0.90a
0.99a
0.05a
0.05a

0.65a
0.91a
1.02a
0.05a
0.05a

0.66a
0.94a
0.95a
0.05a
0.07a

F

0.06a

0.06a

0.06a

0.06a

Pine
Hwd
F
Pine
Hwd
F
Pine
Hwd
F

0.08a

0.07a

0.08a

0.07a

0.09a

0.08a

0.09a

0.10a

0.11a
0.66a
1.66a
0.87a

0.10a
0.53b
1.30b
0.62b
0.11b
0.14b
0.11a

0.09a
0.62a
1.49ab
0.76ab
0.12ab
0.17ab
0.09a

0.09a
0.60ab

0.13a

0.20a
0.11a

1.66a

0.76ab
0.11b
0.17ab
0.10a

10" kg ha 1
Mass

Pine
Hwd
F

1.72a
1.68a

20.91a

1.73a

1.54a
19.63a

1.73a
1.77a

18.85a

2.02a

1.68a
19.59a

'Concentrations or mass for a given component with same
letters are not significantly different at a=0.05
Differences in Ca, Mg, and Mn among sub-ecoregions
did not appear to be related to aboveground production of
litter because neither mass of L or Flayers significantly differed among sub-ecoregions. Although it is well documented that increased inputs, cycling, and/or soil availability of
Ca and Mg occur with an increased level of hardwoods in a
stand (Pritchett, 1987; Binkley and Valentine, 1991), there
was no evidence that differences in nutrient concentrations

12a
7a
llab
136a
273a
6610a

West

—
12a
24a

170a
237a
5793a

21a
17a
12a
177a
255a
4313a

828b
1593b
1074b

865b
1920ab
1281b

187a
132a
725a
157a
73a
67a

137a
196a
766a
143a
130a
86a

10b

1078a
2121a

F

1803a

914ab
1730ab
947b

Pine
Hwd
F
Pine

133a
104a
723a
188a
107a
87a

179a
179a
69a
776a
160a
90a
77a

llab
169a
498a
4853a

'Concentrations for a given component with same letters are
significantly different at oc=0.05

not

among sub-ecoregions were related to stand composition.
Statistical comparisons demonstrated that neither stand
hardwood nor pine basal area differed among sub-ecoregions.
Although stand composition and production appear to
be similar among the sub-ecoregions, these regions do differ
in their climate and geology. Mean annual precipitation is
10-20 cm less in the northern sub-ecoregion than in the
other sub-ecoregions (Skiles 1981). Stratigraphy and lithology are two of the most relevant factors used to delineate
these sub-ecoregions into separate subsections in the classification system created by Keys et al. (1995). The stratigraphy and lithology of these four subsections are described in
the following manner: the northern subsection has (Fourche
Mountains) sandstone and shale-clast loamy colluvium, the
east (East Central Ouachita Mountains) subsection a chert
fragment and quartzite boulder colluvium, the south subsection (Athens Piemont Plateau) has acid chip clay-loam and
bouldery sandy colluvium, and the west subsection (West
Central Ouachita Mountains) has acid shale-chip and clay
loam colluvium. These differences in geology and climate
apparently have influenced the soils within these sub-ecoregions and thus the chemistry of the forest floor. It is interesting to note that although similar species compositions
exist within stands, differences in soils attributed to what is
assumed to be relatively small differences inclimate or geology, have altered the chemistry of the forest floor with sig-
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9a

Hwd

F

South

mg kg 1

Pine

Hwd
N

East
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nificant enough magnitude
sampling intensity.

to

be detected

at a

moderate

?

Conclusions
Variation in forest floor micro- and macronutrient
concentrations in shortleaf pine-hardwood stands was found
to be greater among stands occurring in different sub-ecoregions than among slope positions within stands. The lack of
any substantial differences in concentrations among slope
positions was in part attributed to the methods used to delineate slope position. The criteria utilized for stand and plot
selection in this study was not suited for the testing of landform level differences in slope position. Variation in climate
and geology appeared to be two of the more important factors contributing to the differences in forest floor nutrient
concentrations among subecoregions.
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